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©  Asynchronous  computation  commands  sent  from 
a  command  control  are  held  in  a  command  queue. 
The  executable  command  is  selected  and  supplied 
to  a  pipelined  asynchronous  computing  unit.  A  status 
area  is  ensured  for  every  command  held  in  the 
command  queue  and  pipeline  bits  indicative  of  the 
state  of  progress  of  the  execution  of  the  command  in 
the  unit  are  stored.  A  queue  verifier  discriminates  the 
pipeline  bits  and  verifies  that  a  plurality  of  pipeline 
stages  do  not  exist  in  an  entry  of  any  single  com- 
mand  and  that  a  plurality  of  pipeline  stages  do  not 
exist  among  the  commands,  thereby  guaranteeing 
the  correct  and  orderly  execution  of  the  commands. 
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The  present  invention  relates  to  a  method  and 
apparatus  for  verifying  data  processing  involving 
fetching  a  command  held  in  a  command  queue 
and  executing  and,  more  particularly,  to  a  method 
and  apparatus  for  verifying  data  processing  involv- 
ing  holding  a  command  in  a  command  queue  until 
the  execution  of  the  command  is  normally  finished. 

In  recent  years,  in  association  with  the  realiza- 
tion  of  a  high  command  executing  speed  by  a 
CPU,  not  only  a  command  (synchronous  com- 
mand)  is  sequentially  executed  in  every  machine 
cycle  by  a  synchronous  computing  unit  but  also  a 
long  command  (asynchronous  command)  existing 
over  a  plurality  of  cycles  is  executed  in  parallel 
with  the  operation  of  the  CPU  by  providing  an 
asynchronous  computation  control  unit  as  another 
computing  unit.  A  circuit  scale  of  the  data  process- 
ing  apparatus,  therefore,  increases  by  a  size  cor- 
responding  to  only  the  asynchronous  computation 
control  unit.  Problems  such  as  failure  of  an  LSI  and 
defective  logic  operations  occur.  A  necessity  to 
improve  reliability  is  more  and  more  increasing. 

Fig.  1  shows  a  conventional  data  processing 
apparatus.  An  asynchronous  computation  control 
unit  28  to  execute  a  long  asynchronous  command 
in  parallel  is  provided  for  a  central  processing  unit 
(CPU)  26  having  an  integer  computing  unit  12  to 
sequentially  execute  commands.  The  command  is 
decoded  by  a  command  control  10  provided  in  the 
CPU  26.  In  case  of  a  synchronous  command,  it  is 
sent  to  the  synchronous,  computing  unit  12  and  is 
executed.  In  case  of  an  asynchronous  command,  it 
is  sent  to  the  asynchronous  computation  control 
unit  28  and  is  executed.  The  asynchronous  com- 
putation  control  unit  28  comprises:  a  command 
queue  14  to  hold  commands  as  a  queue;  a  control- 
ler  25  to  select  the  command  which  can  be  ex- 
ecuted  from  the  command  queue  14;  and  an  asyn- 
chronous  pipeline  computing  unit  18  which  func- 
tions  as  an  asynchronous  computing  unit  which 
receives  the  command  selected  and  supplied  from 
the  command  queue  14  by  the  controller  25  and 
executes  the  command  in  a  plurality  of  cycles.  As 
shown  in  Fig.  2,  the  command  queue  14  is  con- 
structed  by  a  command  code  30,  a  first  source 
register  number  32,  a  second  source  register  num- 
ber  34,  and  a  result  register  number  (destination 
register  number)  36. 

When  commands  are  generated  from  the  com- 
mand  control  10  in  the  CPU  26,  queueing  to  tem- 
porarily  hold  the  commands  in  the  command 
queue  14  is  executed.  After  completion  of  the 
queueing,  the  command  which  can  be  executed  is 
selected  by  the  controller  25  and  is  fetched  from 
the  command  queue  14  and  is  supplied  to  the 
asynchronous  pipeline  computing  unit  18.  When 
there  is  a  command  preserving  request  in  this 
instance,  the  command  is  held  in  the  command 

queue  14  until  the  asynchronous  pipeline  comput- 
ing  unit  18  correctly  finishes  the  execution  of  the 
command.  When  there  is  no  command  preserving 
request,  the  command  is  deleted  from  the  com- 

5  mand  queue  14. 
In  the  case  of  providing  an  asynchronous  com- 

putation  control  unit  in  order  to  realize  a  high 
computation  processing  speed,  however,  the  circuit 
scale  of  the  data  processing  apparatus  increases 

io  by  an  amount  corresponding  to  such  an  asyn- 
chronous  computation  control  unit,  so  that  a  pos- 
sibility  of  the  occurrence  of  an  LSI  failure  or  defec- 
tive  logic  operation  is  high.  That  is,  when  the 
pipeline  control  of  the  asynchronous  calculations 

75  based  on  the  command  queue  14  provided  in  the 
asynchronous  computation  control  unit  28  is  dis- 
turbed  by  the  occurrence  of  a  defective  LSI,  failure, 
disconnection  of  wire,  defective  logic  operation,  or 
the  like,  the  contents  of  the  command  queue  14 

20  which  holds  the  commands  as  a  queue  cannot  be 
guaranteed.  There  is  consequently  a  problem  such 
that  the  data  processing  apparatus  does  not  op- 
erate  in  accordance  with  the  order  of  the  command 
queue  and  a  contradiction  occurs  in  the  execution 

25  of  the  commands  and  the  execution  of  the  com- 
mands  is  abnormally  finished. 

According  to  the  invention,  there  are  provided 
a  verifying  method  and  apparatus  of  a  data  pro- 
cessing  apparatus,  in  which  the  order  and  opera- 

30  tion  when  asynchronous  commands  held  in  a  com- 
mand  queue  are  executed  are  guaranteed. 

According  to  a  first  aspect  of  the  invention 
there  is  provided  a  method  of  verifying  a  data 
processing  apparatus  comprising: 

35  a  command  transfer  step  of  sequentially  de- 
coding  commands  and  a  distinguishing  into  syn- 
chronous  computation  commands  and  asynchro- 
nous  computation  commands  and  separately  trans- 
ferring  those  commands  to  different  execution  des- 

40  tinations; 
a  synchronous  computing  step  of  executing  the 

synchronous  computation  commands  sent  by  said 
command  transfer  step; 

a  command  execution  waiting  step  of  holding 
45  the  asynchronous  computation  commands  sent  by 

said  command  transfer  step  and  waiting  for  the 
execution  of  said  commands; 

a  command  selecting  step  of  selecting  the 
executable  commands  from  the  commands  held  in 

50  said  command  execution  waiting  step  and  holding 
the  selected  command  until  the  end  of  execution  of 
the  command; 

a  pipelined  asynchronous  computing  step  of 
dividing  the  asynchronous  commands  selected  by 

55  said  command  selecting  step  into  a  plurality  of 
stages  and  separately  executing  them; 

a  status  monitoring  step  of  ensuring  a  status 
area  for  every  command  held  in  said  command 
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execution  waiting  step  and  storing  information,  indi- 
cative  of  the  state  of  progress  of  execution  of  the 
command  in  said  asynchronous  computing  step,  in 
said  status  area;  and 

a  verifying  step  of  verifying  contents  of  said 
status  area. 

According  to  a  second  aspect  of  the  invention 
there  is  provided  an  apparatus  for  verifying  a  data 
processing  apparatus,  comprising: 

command  execution  waiting  means  for  holding 
commands  and  waiting  for  the  execution  of  the 
command; 

command  selecting  means  for  selecting  an  ex- 
ecutable  command  from  said  command  execution 
waiting  means  and  for  allowing  said  selected  com- 
mand  to  be  held  in  said  command  execution  wait- 
ing  means  until  the  end  of  the  execution  of  the 
command; 

pipelined  asynchronous  computing  means  for 
dividing  the  commands  selected  by  said  selecting 
means  into  a  plurality  of  stages  and  executing  said 
commands  in  parallel; 

status  monitoring  means  for  ensuring  a  status 
area  for  every  command  held  in  said  command 
execution  waiting  means  and  storing  information, 
indicative  of  the  state  of  progress  of  the  execution 
of  the  command  in  said  asynchronous  computing 
means,  in  said  status  area;  and 

verifying  means  for  verifying  said  status  area. 
In  this  specification,  except  where  the  context 

does  not  so  permit,  reference  to  pipeline  stages 
and  the  like  existing  in  the  status  area  shall  be 
construed  to  mean  that  status  bits  are  set  in  the 
status  area  for  the  relevant  command  to  indicate  its 
being  processed  by  the  relevant  pipeline  stage. 
The  terms  "status  bit"  and  pipeline  bit"  are  used 
synonymously  to  mean  data  bits  assigned  to  the 
various  commands  and  set  as  flags  to  indicate  the 
status  of  the  command  with  respect  to  any  one  of 
the  pipeline  stages. 

First,  the  invention  is  constructed  by  a  central 
processing  unit  (CPU)  and  an  asynchronous  com- 
putation  control  unit.  The  CPU  comprises:  a  com- 
mand  control  for  sequentially  decoding  commands 
in  accordance  with  the  order  and  distinguishing  into 
a  synchronous  computation  command  and  an 
asynchronous  computation  command  and  sending 
those  commands  to  different  destinations;  and  an 
integer  computing  unit  (synchronous  computing 
means)  for  executing  the  synchronous  computing 
command  sent  from  the  command  control.  The 
asynchronous  computation  control  unit  comprises: 
a  command  queue  for  holding  the  asynchronous 
computing  commands  sent  from  the  command 
control  and  waiting  for  the  execution  of  the  com- 
mand;  a  command  selector  for  selecting  the  com- 
mand  which  can  be  executed  from  the  command 
queue  and  for  allowing  the  selected  command  to 

be  held  in  the  command  queue  until  the  completion 
of  the  execution  of  the  command;  and  an  asyn- 
chronous  pipeline  computing  unit  which  has  been 
pipelined  and  executes  the  asynchronous  com- 

5  mand  selected  by  the  command  selector  in  parallel 
at  a  plurality  of  stages. 

According  to  the  invention,  further,  there  are 
provided:  a  status  monitor  for  ensuring  a  status 
area  for  every  command  stored  in  the  command 

io  queue  and  storing  information  (pipeline  bits),  indi- 
cative  of  the  progress  status  of  the  execution  of  the 
command  in  the  asynchronous  pipeline  computing 
unit,  in  the  status  area;  and  a  queue  verifier  for 
verifying  the  status  area.  The  queue  verifier  checks 

is  status  bits  (pipeline  bits)  of  the  status  area  for 
every  command  held  in  the  command  queue  and 
verifies  that  a  plurality  of  pipeline  stages  don't  exist 
in  an  entry  of  the  same  command,  thereby  guar- 
anteeing  the  order  and  operation  when  the  com- 

20  mand  is  executed.  At  the  same  time,  the  queue 
verifier  checks  status  bits  (pipeline  bits)  of  the 
status  area  in  portions  among  a  plurality  of  com- 
mands  held  in  the  command  queue  and  verifies 
that  a  plurality  of  the  same  pipeline  stages  don't 

25  exist  among  the  commands,  thereby  guaranteeing 
the  order  and  operation  of  the  commands. 

According  to  the  verifying  method  and  appara- 
tus  of  the  data  processing  apparatus  of  the  inven- 
tion  as  mentioned  above,  a  status  area  20  to  store 

30  the  pipeline  bits  is  inventively  provided  for  the 
command  queue  14  of  the  asynchronous  computa- 
tion  control  unit,  thereby  enabling  the  following 
conditions  to  be  verified  and  guaranteeing  the  or- 
der  and  operation  upon  execution  of  commands. 

35 
Condition  1: 

More  than  one  pipeline  stage  must  not  exist  in 
the  entry  of  any  single  command  in  the  command 

40  queue. 

Condition  2: 

The  same  pipeline  stage  must  not  exist  more 
45  than  once  among  the  commands  in  the  command 

queue. 
Therefore,  in  the  case  where  a  pipeline  control 

of  the  asynchronous  calculations  based  on  the 
command  queue  provided  in  the  asynchronous 

50  computation  control  unit  is  disturbed  due  to  the 
occurrence  of  a  defective  LSI,  failure,  disconnec- 
tion  of  wire,  defective  logic  operation,  or  the  like, 
two  or  more  pipeline  bits  are  set  into  the  entry  of 
one  command  or  two  or  more  pipeline  bits  are  set 

55  into  the  same  stage  among  a  plurality  of  com- 
mands.  Therefore,  abnormalities  of  the  order  and 
operation  in  the  execution  of  the  commands  are 
immediately  recognized  and  a  proper  error  re- 

3 
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covering  process  is  started.  By  adding  command 
queue  pipeline  bits  and  by  checking  the  order  and 
operation  in  the  execution  of  the  commands  based 
on  the  command  queue,  accordingly,  the  contents 
in  the  command  queue  can  be  guaranteed. 

For  a  better  understanding  of  the  invention,  and 
to  show  how  the  same  may  be  carried  into  effect, 
reference  will  now  be  made,  purely  by  way  of 
example,  to  the  accompanying  drawings  in  which 

Fig.  1  is  an  explanatory  diagram  of  a  conven- 
tional  data  processing  apparatus; 
Fig.  2  is  an  explanatory  diagram  of  a  conven- 
tional  command  queue; 
Fig.  3  is  a  block  diagram  showing  a  whole 
construction  of  the  invention; 
Fig.  4  is  a  block  diagram  showing  an  embodi- 
ment  of  the  invention; 
Fig.  5  is  an  explanatory  diagram  of  a  command 
queue  which  is  used  in  the  invention; 
Fig.  6  is  a  time  chart  showing  a  state  of  the 
parallel  execution  of  commands  in  an  asynchro- 
nous  pipeline  computing  unit; 
Fig.  7  is  an  explanatory  diagram  showing  a 
checking  state  of  pipeline  bits  in  the  case  where 
the  commands  were  correctly  executed; 
Fig.  8  is  an  explanatory  diagram  showing  a 
checking  state  of  pipeline  bits  in  the  case  where 
an  abnormality  occurred  during  the  execution  of 
commands; 
Fig.  9  is  an  explanatory  diagram  showing  a 
checking  state  of  pipeline  bits  among  com- 
mands  in  the  normal  operation; 
Fig.  10  is  an  explanatory  diagram  showing  a 
checking  state  of  the  pipeline  bits  among  the 
commands  when  an  abnormal  operation  has  oc- 
curred; 
Fig.  11  is  an  explanatory  diagram  showing  a 
command  control  of  a  central  processing  unit  in 
Fig.  4;  and 
Fig.  12  is  a  flowchart  showing  an  asynchronous 
control  of  an  asynchronous  computation  control 
unit  in  Fig.  4. 

Fig.  3  shows  the  complete  construction  of  a 
data  processing  apparatus  according  to  the  inven- 
tion.  The  data  processing  apparatus  is  constructed 
by  a  main  storage  unit  (MSU)  100,  a  main  storage 
control  unit  (MCU)  200,  and  the  processor  unit  300. 
The  processor  unit  300  includes  the  CPU  26  hav- 
ing  a  function  serving  as  a  synchronous  computing 
unit  to  sequentially  execute  commands  and  the 
asynchronous  computation  control  unit  28  having  a 
pipeline  computing  unit  for  asynchronously  execut- 
ing  a  long  command.  An  information  processing 
apparatus  for  executing  commands  in  parallel  at  a 
high  processing  speed  by  the  CPU  26  and  asyn- 
chronous  computation  control  unit  28  as  mentioned 
above  is  used  as  a  scalar  unit  of  each  processor 
element  which  is  used  in  a  super  computer  with  a 

parallel  machine  structure. 
Fig.  4  shows  the  details  of  the  CPU  26  and 

asynchronous  computation  control  unit  28  provided 
in  the  processor  unit  300  in  Fig.  3.  The  CPU  26 

5  comprises:  the  command  control  10;  the  integer 
computing  unit  12  which  functions  as  a  synchro- 
nous  computing  unit;  a  general  purpose  register 
group  38  having  various  general  registers  which 
are  used  to  execute  commands;  and  a  memory  40 

io  which  is  used  as  a  local  memory  such  as  a  cache 
memory  or  the  like.  The  command  control  10  se- 
quentially  decodes  commands  and  sends  the  com- 
mand  to  the  integer  computing  unit  12  after  a 
synchronous  computing  command  is  decoded, 

is  thereby  allowing  an  integer  calculation  which  is 
finished  in  one  cycle  to  be  executed.  When  the 
command  control  10  decodes  an  asynchronous 
computing  command,  for  example,  a  floating  point 
computing  command,  since  such  a  command  is  a 

20  long  command  which  is  executed  in  a  plurality  of 
cycles,  it  is  sent  to  the  asynchronous  computation 
control  unit  28  and  is  executed  in  parallel. 

The  control  unit  28  comprises:  the  command 
queue  14  as  command  queueing  means;  the  con- 

25  trailer  25;  and  the  asynchronous  pipeline  comput- 
ing  unit  18  as  a  pipelined  asynchronous  computing 
unit.  The  command  queue  14  is  constructed  by  the 
command  code  30,  the  first  source  register  number 
32,  the  second  source  register  number  34,  and  the 

30  result  register  number  (destination  register  number) 
36  every  commands  1  to  n  shown  as  indices  in 
Fig.  5.  Further,  pipeline  bits  are  provided  as  a 
status  area  20.  In  the  asynchronous  pipeline  com- 
puting  unit  18  in  Fig.  4,  since  the  pipeline  is 

35  constructed  by  four  stages  of  a  fetching  stage  F,  a 
first  executing  stage  Ei  ,  a  second  executing  stage 
E2,  and  a  writing  stage  W,  storage  areas  of  four 
pipeline  bits  corresponding  to  the  stages  F,  Ei  ,  E2, 
and  W  are  provided  as  pipeline  bits  of  each  com- 

40  mand  held  in  the  command  queue  14. 
Referring  again  to  Fig.  4,  the  controller  25  is 

provided  in  the  asynchronous  computation  control 
unit  28.  Various  functions  as  command  selector  16, 
status  monitor  22,  and  queue  verifier  24  are  pro- 

45  vided  for  the  controller  25.  The  command  selector 
16  fetches  the  command  which  can  be  executed 
from  the  commands  held  as  a  queue  in  the  com- 
mand  queue  14  and  supplies  to  the  asynchronous 
pipeline  computing  unit  18.  In  this  instance,  the 

50  command  selector  16  notifies  the  first  source  regis- 
ter  number  32,  second  source  register  number  34, 
and  result  register  number  36  of  the  command 
fetched  from  the  command  queue  14  to  the  gen- 
eral  purpose  register  group  38  of  the  CPU  26 

55  through  a  register  address  bus  44  and  supplies  the 
source  data  stored  in  the  corresponding  source 
register  to  the  asynchronous  pipeline  computing 
unit  18  through  a  source  data  bus  46.  The  result  of 

4 
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the  execution  by  the  computing  unit  18  is  written 
through  a  write  data  bus  48  into  a  destination 
register  that  is  designated  by  the  result  register 
number  designated  via  the  register  address  bus  44. 
Further,  the  status  monitor  22  and  the  queue  ver- 
ifier  24  are  provided  for  the  controller  25  in  cor- 
respondence  to  the  pipeline  bits  (F,  Ei  ,  E2,  W) 
provided  in  the  status  area  20  of  the  command 
queue  14.  The  status  monitor  22  monitors  a  pro- 
gressing  situation  of  the  command  supplied  to  the 
asynchronous  pipeline  computing  unit  18  and  re- 
writes  the  pipeline  bits  provided  in  the  status  area 
20  of  the  command  queue  14  each  time  the  com- 
mand  advances  to  the  fetching  stage,  first  execut- 
ing  stage,  second  executing  stage,  and  writing 
stage. 

Fig.  6  is  a  time  chart  showing  an  executing 
state  of  the  commands  in  the  asynchronous  pipe- 
line  computing  unit  18.  First,  a  command  1  is 
supplied  to  the  first  fetching  stage  in  a  Ti  cycle.  A 
process  based  on  the  source  data  in  the  first 
source  register  is  executed  at  the  first  executing 
stage  Ei  in  the  next  T2  cycle.  In  the  T2  cycle,  the 
next  command  2  is  supplied  to  the  fetching  stage 
F.  In  the  next  T3  cycle,  the  command  1  advances 
to  the  second  executing  stage  E2  and  a  process 
based  on  the  source  data  from  the  second  source 
register  is  executed.  At  the  same  time,  the  com- 
mand  2  progresses  to  the  first  executing  stage  Ei 
and  a  process  based  on  the  source  data  in  the  first 
source  register  is  executed  and  a  command  3  is 
further  newly  supplied  to  the  fetching  stage  F.  In 
the  T+  cycle,  the  command  1  progresses  to  the 
writing  stage  W  and  the  result  of  the  execution  is 
written  into  the  destination  register.  The  command 
2  advances  to  the  second  executing  stage  E2  and 
the  command  3  further  progresses  to  the  first  ex- 
ecuting  stage  Ei  .  In  the  T5  cycle,  the  command  2 
progresses  to  the  writing  stage  W  and  the  com- 
mand  3  advances  to  the  second  executing  stage 
E2.  In  the  TG  cycle,  the  command  3  progresses  to 
the  writing  stage  W. 

The  parallel  executing  stages  of  a  plurality  of 
commands  in  the  asynchronous  pipeline  computing 
unit  18  as  shown  in  Fig.  6  are  monitored  by  the 
status  monitor  22.  As  for  the  pipeline  bits  (F,  Ei  , 
E2,  W)  of  each  command  in  the  status  area  20  of 
the  command  queue  14,  the  pipeline  bit  indicative 
of  the  stage  at  which  the  corresponding  command 
exists  is  set  into  bit  1  and  the  other  pipeline  bits 
are  reset  to  0.  The  queue  verifier  24  provided  in 
the  controller  25  checks  the  contents  in  the  status 
area  20  of  a  plurality  of  commands  held  in  the 
command  queue  14  for  every  cycle  of  the  asyn- 
chronous  pipeline  computing  unit  18,  thereby  veri- 
fying  whether  the  order  and  operation  of  the  asyn- 
chronous  pipeline  computing  unit  18  according  to 
the  commands  held  in  the  command  queue  14  are 

correct  or  not. 
Fig.  7  shows  cycle  changes  in  pipeline  bits  in 

the  status  area  20  of  the  command  queue  14  in  the 
case  where  a  certain  command  had  been  supplied 

5  to  the  computing  unit  18  and  was  correctly  ex- 
ecuted.  Such  cycle  changes  correspond  to,  for 
example,  the  command  execution  for  an  interval 
from  T0  cycle  to  the  T+  cycle  of  the  command  1 
shown  in  Fig.  6.  The  first  T0  cycle  indicates  the 

10  pipeline  bits  before  the  command  is  supplied. 
When  the  commands  are  correctly  executed  as 
mentioned  above,  only  a  single  one  of  the  pipeline 
bits  (F,  Ei  ,  E2,  W)  in  all  of  the  T1  to  T+  cycles  is 
equal  to  1  for  any  single  command.  That  is,  more 

15  than  one  pipeline  stage  is  not  permitted  in  the 
entry  of  the  single  command.  Before  the  command 
is  supplied,  all  of  the  pipeline  bits  are  set  to  0. 

The  queue  verifier  24  of  the  invention  executes 
an  NC1  check  every  command  with  regard  to  the 

20  pipeline  bits  of  the  command  queue  14.  The  NC1 
check  denotes  that  in  the  case  where  all  of  the  four 
pipeline  bits  are  equal  to  0  or  any  single  one  of 
them  is  set  to  1,  a  check  output  signal  of  1  is 
generated,  thereby  indicating  that  the  operation  is 

25  correctly  being  executed  by  the  check  output  1  .  On 
the  other  hand,  when  two  or  more  bits  among  the 
four  pipeline  bits  are  equal  to  1,  a  check  output 
signal  of  0  is  generated,  thereby  indicating  that  the 
operation  is  abnormally  executed. 

30  Fig.  8  shows  an  abnormality  of  the  operation 
such  that  the  pipeline  bits  F  and  Ei  are  equal  to  1 
and  two  commands  exist  in  the  same  entry  in  the 
T1  cycle  in  Fig.  7.  In  this  case,  the  result  of  the 
NC1  check  in  the  T1  cycle  is  equal  to  0  and  the 

35  occurrence  of  an  abnormality  can  be  detected.  Fig. 
9  shows  a  verification  of  the  pipeline  bits  among  a 
plurality  of  commands  in  the  queue  verifier  24  and 
shows  the  case  where  all  of  the  commands  are 
correctly  being  executed.  In  such  a  case,  for  exam- 

40  pie,  five  commands  of  the  command  Nos.  1  to  5 
are  held  in  the  command  queue  14  and  have  the 
bit  contents  shown  in  the  pipeline  bits  (F,  Ei  ,  E2, 
W)  and  the  normal  operations  are  being  executed. 
Therefore,  only  one  bit  exists  in  the  same  stage 

45  among  the  commands,  namely,  in  the  bit  train 
when  it  is  seen  in  the  vertical  direction.  Since  a 
plurality  of  commands  cannot  exist  in  the  same 
stage  of  the  pipeline  the  queue  verifier  24  guar- 
antees  the  correct  order  and  operation.  In  this  case 

50  as  well,  the  NC1  check  is  executed  over  the  same 
pipeline  bit  among  a  plurality  of  commands  and  the 
operation  is  correctly  executed,  so  that  all  of  the 
results  of  the  verification  among  the  commands  are 
set  to  1  . 

55  Fig.  10  shows  the  case  where  an  abnormality 
occurred  in  the  NC  check  among  the  commands  in 
Fig.  9.  The  bit  1  is  set  in  the  command  Nos.  2  and 
3  with  respect  to  the  pipeline  bit  Ei  and  the  result 

5 
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of  the  verification  is  set  to  0,  so  that  the  occurrence 
of  an  abnormality  of  the  operation  can  be  recog- 
nized.  In  the  queue  verifier  24  in  the  invention, 
either  one  of  NC1  check  of  every  command  shown 
in  Figs.  7  and  8  and  the  NC1  check  among  the 
commands  shown  in  Figs.  9  and  10  can  be  ex- 
ecuted.  In  order  to  discriminate  that  the  abnormal- 
ity  has  occurred  with  respect  to  the  execution  of 
any  command,  it  is  desirable  to  simultaneously 
execute  the  NC1  check  of  every  command  and  the 
NC1  check  among  the  commands.  For  example, 
when  an  abnormality  as  shown  in  Fig.  10  occurs,  it 
is  possible  to  recognize  that  although  the  order  and 
operation  in  the  execution  of  the  commands  of  the 
command  No.  3  are  correct,  it  is  possible  to  recog- 
nize  that  the  operation  and  order  of  the  next  com- 
mand  number  4  are  wrong.  Such  an  abnormality 
can  be  recovered  by  the  retry  of  the  command  4. 

Fig.  11  is  a  flowchart  showing  control  pro- 
cesses  by  the  command  control  10  of  the  CPU  26 
shown  in  Fig.  4.  First,  in  step  S1,  the  command 
control  10  fetches  commands  in  accordance  with  a 
predetermined  order.  In  step  S2,  the  command 
control  decodes  the  command.  In  step  S3,  a  check 
is  made  to  see  if  the  command  is  a  floating  point 
computation  command  or  not  from  the  result  of  the 
decoding  of  the  command.  When  the  command  is 
an  integer  computation  command,  it  is  sent  to  the 
integer  computing  unit  12,  by  which  the  integer 
computation  command  is  executed  in  one  cycle  in 
step  S4.  When  the  command  is  the  floating  point 
computation  command,  step  S8  follows  and  the 
floating  point  computation  command  is  sent  to  the 
command  queue  14  in  the  asynchronous  computa- 
tion  control  unit  28.  When  the  integer  computation 
command  is  executed  in  step  S4,  a  check  is  made 
in  step  S5  to  see  if  the  apparatus  waits  for  the  end 
of  the  queueing  preceding  command  sent  to  the 
asynchronous  computation  control  unit  28  or  not.  If 
YES,  step  S6  follows  and  the  apparatus  waits  for  a 
notification  indicative  of  the  end  of  the  execution  of 
the  preceding  command  sent  to  the  control  unit  28. 
If  NO  in  step  S5  or  when  the  notification  of  the  end 
of  the  execution  of  the  preceding  command  is 
received  in  step  S6,  the  processing  routine  ad- 
vances  to  step  S7  and  the  command  number  is 
increased  by  +  1  .  The  processing  routine  is  again 
returned  to  step  S1  and  the  next  command  is 
fetched  and  processes  similar  to  those  mentioned 
above  are  also  executed  hereinafter. 

Fig.  12  is  a  flowchart  showing  asynchronous 
controls  by  the  controller  25  provided  in  the  asyn- 
chronous  computation  control  unit  28  shown  in  Fig. 
4.  First,  in  step  S1,  the  command  which  can  be 
executed  by  the  command  selector  16  provided  in 
the  controller  25  is  selected  from  the  commands  in 
the  command  queue  14  and  supplied  to  the  asyn- 
chronous  pipeline  computing  unit  18.  In  step  S2,  a 

check  is  made  to  see  if  there  is  a  preserving 
request  or  not  with  respect  to  the  supplied  com- 
mand.  If  there  is  not  preserving  request,  the  com- 
mand  which  has  already  been  supplied  to  the  com- 

5  puting  unit  18  is  deleted  from  the  command  queue 
14  in  step  S8.  Since  the  floating  point  computation 
command  as  a  target  of  the  verification  in  the 
invention  has  the  preserving  request,  it  is  not  de- 
leted  from  the  command  queue  14  and  the  pro- 

io  cessing  routine  advances  to  step  S3.  A  bit  updating 
process  to  set  the  pipeline  bit  corresponding  to  the 
pipeline  stage  in  which  the  command  exists  into  1 
each  time  the  command  cycle  is  executed  by  the 
asynchronous  pipeline  computing  unit  18  is  ex- 

15  ecuted  for  the  status  area  20  of  the  command 
queue  14.  In  step  S4,  each  time  the  bit  updating 
process  is  finished,  the  pipeline  bit  stored  in  the 
status  area  20  of  the  command  queue  14  is  dis- 
criminated.  In  this  discrimination,  both  of  the  NC1 

20  check  in  the  entry  of  every  command  and  the  NC1 
check  between  commands  are  performed.  In  step 
S5,  the  presence  or  absence  of  an  abnormality  is 
judged  from  the  result  of  the  NC1  checks.  When  all 
of  the  results  of  the  NC1  checks  are  equal  to  1  ,  it 

25  is  determined  that  the  operation  was  correctly  ex- 
ecuted,  so  that  step  S6  follows.  In  step  S6,  a  check 
is  made  to  see  if  the  command  which  has  finished 
the  final  stage  exists  or  not.  If  YES,  step  S7  follows 
and  an  execution  end  command  is  deleted  from 

30  the  command  queue. 
When  bit  0  is  obtained  from  the  result  of  the 

NC1  checks  about  the  pipeline  bits  in  step  S5,  it  is 
determined  that  there  is  an  abnormality,  so  that 
step  S9  follows  an  error  process  is  executed.  For 

35  example,  a  retry  process  for  again  fetching  the 
command  in  which  an  abnormality  has  occurred 
from  the  command  queue  14  and  for  supplying  to 
the  asynchronous  pipeline  computing  unit  18  is 
executed.  By  executing  such  a  retry  process,  when 

40  the  normal  operation  is  judged  from  the  NC1 
checks  about  the  pipeline  bits  in  step  S9,  it  is 
decided  that  the  operation  has  been  recovered. 
The  processing  routine  is  again  returned  to  the 
process  in  step  S1.  On  the  other  hand,  when  the 

45  occurrence  of  the  abnormality  is  based  on  a  cause 
of  the  hardware  such  as  disconnection  of  wire, 
failure,  or  the  like,  the  abnormality  will  not  be 
recovered  even  by  executing  the  retry  process. 
Therefore,  the  processing  routine  advances  to  step 

50  S1  1  and  a  termination  is  made  as  an  abnormality. 
In  such  an  abnormality  termination,  for  instance,  in 
the  case  where  the  data  processing  apparatus  of 
the  invention  is  used  in  the  scalar  units  of  proces- 
sor  elements  of  a  super  computer  with  a  parallel 

55  machine  structure  or  the  like,  a  process  such  as  to 
disconnect  the  processor  element  having  the  scalar 
unit  which  has  caused  an  abnormality  from  target 
for  the  parallel  processes  or  the  like  is  executed. 

6 
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According  to  the  invention  as  mentioned  above, 
in  the  case  where  an  abnormality  occurred  due  to 
the  occurrence  of  a  disturbance  of  the  control  in 
the  execution  of  the  commands  based  on  the  com- 
mand  queue  because  of  a  defective  LSI,  failure, 
disconnection  of  wire,  defective  logic  operation,  or 
the  like,  since  the  pipeline  bits  provided  for  the 
command  queue  are  always  discriminated,  the  op- 
eration  abnormality  can  be  recognized  on  the  basis 
of  the  result  of  the  discrimination.  A  countermeas- 
ure  such  as  abnormality  termination  or  the  like, 
accordingly,  can  be  made.  The  correct  order  and 
operation  of  the  execution  of  the  commands  using 
the  command  queue  can  be  always  guaranteed. 
The  reliability  of  the  asynchronous  computation 
control  unit  can  be  remarkably  improved. 

Although  the  above  embodiment  has  been  de- 
scribed  with  respect  to  the  data  processing  appara- 
tus  which  is  used  as  a  scalar  unit  in  the  processor 
element  of  a  super  computer  as  an  example,  the 
invention  is  not  limited  to  such  an  example  but  can 
be  also  directly  used  as  a  central  processing  unit 
of  a  conventional  computer. 

Further,  the  present  invention  is  not  limited  to 
the  above  embodiment  but  many  modifications  and 
variations  are  possible  without  departing  from  the 
spirit  and  scope  of  the  claims  of  the  invention.  The 
invention  is  also  not  limited  by  the  numerical  val- 
ues  shown  in  the  embodiment. 

Claims 

1.  A  method  of  verifying  a  data  processing  ap- 
paratus  comprising: 

a  command  transfer  step  of  sequentially 
decoding  commands  and  distinguishing  into 
synchronous  computation  commands  and 
asynchronous  computation  commands  and 
separately  transferring  those  commands  to  dif- 
ferent  execution  destinations; 

a  synchronous  computing  step  of  execut- 
ing  the  synchronous  computation  commands 
sent  by  said  command  transfer  step; 

a  command  execution  waiting  step  of  hold- 
ing  the  asynchronous  computation  commands 
sent  by  said  command  transfer  step  and  wait- 
ing  for  the  execution  of  said  commands; 

a  command  selecting  step  of  selecting  the 
executable  commands  from  the  commands 
held  in  said  command  execution  waiting  step 
and  holding  the  selected  command  until  the 
end  of  execution  of  the  command; 

a  pipelined  asynchronous  computing  step 
of  dividing  the  asynchronous  commands  se- 
lected  by  said  command  selecting  step  into  a 
plurality  of  stages  and  separately  executing 
them; 

a  status  monitoring  step  of  ensuring  a  sta- 

tus  area  for  every  command  held  in  said  com- 
mand  execution  waiting  step  and  storing  in- 
formation,  indicative  of  the  state  of  progress  of 
execution  of  the  command  in  said  asynchro- 

5  nous  computing  step,  in  said  status  area;  and 
a  verifying  step  of  verifying  contents  of 

said  status  area. 

2.  A  method  according  to  claim  1  ,  wherein  in  said 
io  status  monitoring  step,  each  storage  area  is 

provided  with  a  status  bit  for  each  pipeline 
stage  in  said  asynchronous  computing  step 
and  the  status  bit  is  set  as  a  bit  flag  indicative 
of  the  execution  of  the  command. 

15 
3.  A  method  according  to  claim  2,  wherein  in  said 

verifying  step,  the  status  bits  of  each  status 
area  are  discriminated  for  each  command  held 
in  said  command  execution  waiting  step,  there- 

20  by  verifying  that  a  plurality  of  pipeline  stages 
do  not  exist  for  any  single  command  entry. 

4.  A  method  according  to  claim  1  ,  2  or  3,  wherein 
in  said  verifying  step,  in  the  case  where  a 

25  plurality  of  pipeline  bits  exist  in  the  status  area 
of  any  single  command,  it  is  determined  that 
an  abnormality  in  the  computation  control  has 
occurred. 

30  5.  A  method  according  to  claim  3  or  4,  wherein  in 
said  verifying  step,  status  bits  of  the  status 
area  are  discriminated  among  said  plurality  of 
commands  held  in  said  command  execution 
waiting  step,  thereby  verifying  that  more  than 

35  one  of  the  same  pipeline  stage  does  not  exist 
among  the  said  plurality  of  commands. 

6.  A  method  according  to  any  one  of  claims  2  to 
5  wherein  in  said  verifying  step,  in  the  case 

40  where  a  plurality  of  status  bits  exist  for  the 
same  pipeline  stage  in  a  plurality  of  com- 
mands,  it  is  determined  that  an  abnormality  in 
the  computation  control  has  occurred. 

45  7.  A  method  according  to  any  one  of  the  preced- 
ing  claims,  wherein  in  the  said  command  con- 
trol  step,  in  the  case  where  a  floating  point 
command  is  decoded,  said  floating  point  com- 
mand  is  sent  to  said  command  execution  wait- 

so  ing  step. 

8.  A  method  according  to  any  one  of  the  preced- 
ing  claims  wherein  in  said  command  selecting 
step,  in  the  case  where  a  floating  point  com- 

55  mand  is  selected,  said  floating  point  command 
is  held  in  said  command  execution  waiting 
step  until  the  end  of  the  execution  of  the 
command  by  said  asynchronous  computing 
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step. 

9.  An  apparatus  for  verifying  a  data  processing 
apparatus,  comprising: 

command  execution  waiting  means  for 
holding  commands  and  waiting  for  the  execu- 
tion  of  the  command; 

command  selecting  means  for  selecting  an 
executable  command  from  said  command  ex- 
ecution  waiting  means  and  for  allowing  said 
selected  command  to  be  held  in  said  com- 
mand  execution  waiting  means  until  the  end  of 
the  execution  of  the  command; 

pipelined  asynchronous  computing  means 
for  dividing  the  commands  selected  by  said 
selecting  means  into  a  plurality  of  stages  and 
executing  said  commands  in  parallel; 

status  monitoring  means  for  ensuring  a 
status  area  for  every  command  held  in  said 
command  execution  waiting  means  and  storing 
information,  indicative  of  the  state  of  progress 
of  the  execution  of  the  command  in  said  asyn- 
chronous  computing  means,  in  said  status 
area;  and 

verifying  means  for  verifying  said  status 
area. 

10.  An  apparatus  according  to  claim  9,  further 
comprising: 

command  control  means  for  sequentially 
decoding  commands  and  distinguishing  said 
commands  into  synchronous  computation 
commands  and  asynchronous  computation 
commands  and  separately  transferring  said 
commands  to  different  execution  destinations; 

synchronous  computing  means  for  execut- 
ing  the  synchronous  computation  commands 
sent  from  said  command  control  means; 

and  wherein  the  commands  sent  to  the 
command  execution  waiting  means  are  asyn- 
chronous  commands. 

13.  An  apparatus  according  to  claim  9,  10,  11  or 
12,  wherein  in  the  case  where  a  plurality  of 
pipeline  bits  exist  in  the  status  area  of  any 
single  command,  said  verifying  means  verifies 

5  that  an  abnormality  in  the  computation  control 
has  occurred. 

14.  An  apparatus  according  to  any  one  of  claims  9 
to  13,  wherein  said  verifying  means  discrimi- 

io  nates  status  bits  in  the  status  areas  among 
said  plurality  of  commands  held  in  the  com- 
mand  execution  waiting  means,  thereby  verify- 
ing  that  more  than  of  the  same  pipeline  stage 
does  not  exist  for  the  said  plurality  of  com- 

15  mands. 

15.  An  apparatus  according  to  any  of  claims  10  to 
14,  wherein  in  the  case  where  a  plurality  of 
status  bits  exist  indicating  the  same  pipeline 

20  stage  for  the  plurality  of  commands,  said  veri- 
fying  means  determines  that  an  abnormality  of 
the  computer  has  occurred. 

16.  An  apparatus  according  to  any  one  of  claims  9 
25  to  15,  wherein  in  the  case  where  a  floating 

point  command  is  decoded,  said  command 
control  means  transfers  said  floating  point 
command  to  said  command  execution  waiting 
means. 

30 
17.  An  apparatus  according  to  any  one  of  claims  9 

to  16,  wherein  in  the  case  where  said  com- 
mand  selecting  means  selects  a  floating  point 
command,  said  floating  point  command  is  held 

35  in  said  command  execution  waiting  means  until 
the  end  of  the  execution  of  the  command  by 
said  asynchronous  computing  means. 

18.  An  apparatus  according  to  any  one  of  claims  9 
40  to  17,  wherein  said  command  control  means 

and  said  synchronous  computing  means  to- 
gether  form  a  central  processing  unit. 

19.  An  apparatus  according  to  any  one  of  claims  9 
45  to  19,  wherein  said  command  execution  wait- 

ing  means,  said  command  selecting  means, 
said  asynchronous  computing  means,  said  sta- 
tus  monitoring  means,  and  said  verifying 
means  together  form  an  asynchronous  com- 

50  putation  control  unit. 

11.  An  apparatus  according  to  claim  9  or  claim  10, 
wherein  said  status  monitoring  means  provides 
each  storage  area  with  a  status  bit  for  every  45 
pipeline  stage  of  said  asynchronous  computing 
means  and  sets  the  status  bit  as  a  bit  flag 
indicative  of  the  state  of  execution  of  the  com- 
mand. 

50 
12.  An  apparatus  according  to  claim  9,  10  or  11, 

wherein  the  said  verifying  means  discriminates 
each  status  bit  of  the  status  area  for  every 
command  held  in  the  command  execution 
waiting  means,  thereby  verifying  that  a  plurality  55 
of  pipeline  stages  do  not  exist  for  any  single 
command  entry. 

8 
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